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Kathy Prelack1,2,3*, Johanna Dwyer4,5,6, Paula Ziegler7 and Joseph J Kehayias8Abstract: Elite adolescent figure skaters must accommodate both the physical demands of competitive training
and the accelerated rate of bone growth that is associated with adolescence, in this sport that emphasizes
leanness. Although, these athletes apparently have sufficient osteogenic stimuli to mitigate the effects of possible
low energy availability on bone health, the extent or magnitude of bone accrual also varies with training effects,
which differ among skater disciplines.
Purpose: We studied differences in total and regional bone mineral density in 36 nationally ranked skaters among
3 skater disciplines: single, pairs, and dancers.
Methods: Bone mineral density (BMD) of the total body and its regions was measured by dual energy x-ray
absorptiometry (DXA). Values for total body, spine, pelvis and leg were entered into a statistical mixed regression
model to identify the effect of skater discipline on bone mineralization while controlling for energy, vitamin D, and
calcium intake.
Results: The skaters had a mean body mass index of 19.8 ± 2.1 and % fat mass of 19.2 ± 5.8. After controlling for
dietary intakes of energy, calcium, and vitamin D, there was a significant relationship between skater discipline and
BMD (p = 0.002), with single skaters having greater BMD in the total body, legs, and pelvis than ice dancers
(p < 0.001). Pair skaters had greater pelvic BMD than ice dancers (p = 0.001).
Conclusions: Single and pair skaters have greater BMD than ice dancers. The osteogenic effect of physical training
is most apparent in single skaters, particularly in the bone loading sites of the leg and pelvis.Introduction
Competitive figure skating is a sport that can be benefi-
cial to bone health and the prevention of osteoporosis in
female athletes. Elite female skaters, who often begin be-
fore puberty, practice up to 30 hours per week on and
off the ice. Their training sessions consist of repetitive,
high impact, bone loading activities, which favor bone
accretion [1-3]. However competitive figure skating is
also a sport which emphasizes leanness for performance
enhancement and aesthetic reasons [4]. A decrease in
energy availability due to intense physical activity and
calorie restriction may lead to amenorrhea, bone
demineralization, and stress fractures in these female
athletes. [5,6] Adolescent skaters, who attain elite status,
may find it particularly challenging to maintain intake* Correspondence: kprelack@shrinenet.org
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reproduction in any medium, provided the oradequate to support bone growth while controlling their
body weight.
There are several different disciplines in figure skating,
including single and pair skating, and ice dancing. Tech-
nical requirements differ among these three disciplines.
For example, the required elements for female singles
short program include at least three jump series that
contain double and triple jumps, and jump combina-
tions. Pair skaters have fewer required jumps, however
they must incorporate at least one throw jump. So while
the routines of single and pair skaters differ in their
jump routines, both involve a good deal of bone loading.
Ice dancers incorporate more lifts in their routines, but
they execute fewer jumps then single and pair skaters.
Their landing forces and mechanical bone loading are
expected to be much less. We studied the differences in
total and region specific bone mineral density in 36 elite,
adolescent female skaters, training to compete in single,
pair, or ice dancing categories. We hypothesize thatLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Data collected from 36 nationally ranked adolescent fe-
male figure skaters who attended a spring research camp
at the US Olympic Trainer Center in Colorado Springs,
CO from 1998–1999 were used for this analysis. Ap-
proval for conducting the study was received from the
Human Subject Review Committee at the US Olympic
Trainer Center, and from the Human Investigation Re-
view Committee at the Tufts Medical Center in Boston.
All patients provided informed consent prior to enroll-
ment into the study.
Assessment of dietary intake and physical activity
Prior to their arrival at the training camp, food records
and detailed instructions on how to fill them out were
sent to the skaters. Skaters were asked to provide 3-day
dietary intake records (2 consecutive days and 1 week-
end day) during the 2 months prior to their arrival at
camp. Physical activity records were also collected on
the same three days that participants recorded their diet-
ary intakes to estimate physical activity level during a
period of active training. During camp, information
about their dietary intakes and physical activity was
reviewed with the skater by study staff to clarify any
issues on the record. Dietary intakes were verified,
coded, entered and analyzed by a registered dietitian on
the study staff using Nutritionist IV version 4.1 (First
Data Bank, Inc, San Bruno, CA, 1997). Estimated intakes
of calories, vitamin D, and calcium were obtained for
this analysis.
Body composition
Dual energy photon absorptiometry (DXA)
Bone density and body composition (lean body mass, fat
mass) were determined for the whole body and specific
regions using dual energy x-ray absorptiometry (DXA)
with a Lunar Densitometer DPX-L Radiation (Madison,
WI). Scans were conducted by individuals trained and
certified in DXA use. For the scan, the participant was
positioned on her back with her body straight, arms at
sides, palms down, separated from thighs. Participants
were scanned in the morning. Total scan time was be-
tween 11–15 minutes. Bone mineral density (BMD) for
the total body (TB) and partitioned regions of the body:
head, arms, legs, trunk, ribs, pelvis, and spine was deter-
mined. Specific sites of interest such as leg (L), spine (S),
and pelvis (P) were selected based on their sensitivity to
weight bearing bone loading and because we had refer-
ence data on that particular instrument for those specific
sites available for calculation of z scores. BMD wasexpressed as grams per centimeter squared (gm/c2).
Standardized scores based on age and weight matched
controls as generated by the machine’s software (version
1.34; Lunar Corporation, DPX-L technical manual,
Appendix C) were used in the analysis. Body compo-
sition analysis by DXA was also used to obtain % body
fat on the participants.
Height and weight
Prior to DXA scanning, height (to the nearest 0.5 cm)
using a stadiometer and weight (to the nearest 50 gms)
were measured using a beam balance scale with a non-
detachable weight. Measurements were taken in the
morning and before training, with subjects dressed in
light clothing. Body-mass index (BMI) values were then
calculated as the ratio of weight (kg) to height (m)
squared (kg/m2).
Data analysis
Statistical analysis was performed by using The SASW
System version 8.2 (SAS Institute Inc, Cary, NC). The
relationships between skater discipline (single, pair, and
dancer) and BMD standardized z scores for total body,
spine, pelvis, and legs were tested using a mixed regre-
ssion model while controlling for dietary intake of
calories, vitamin D, calcium, BMI, and % body fat.
Briefly, a model was created for each BMD density vari-
able (total, spine, pelvic, and leg), using these BMD vari-
ables as the dependent variable, and skater discipline,
dietary intakes for energy, calcium, and vitamin D, a
BMI, and % body fat as the independent variables. Sig-
nificant predictors were identified by the model using a
significance of p < 0.05. For those continuous variables
(energy, vitamin D, calcium, BMI, and % body fat) that
were noted to be significant predictors, linear regression
was used for comparisons to all BMD z-scores. For cat-
egorical variables (skater type) a one-way analysis of
variance (ANOVA) was used to test for mean differences
between the 3 skater disciplines for each BMD variable.
For comparisons among groups when significance was
found, a Tukey post hoc was applied. A probability (p)
value of less than 0.05 was considered statistically signifi-
cant. ANOVA was also used to describe differences in
energy, calcium, and vitamin D intake among the three
skater groups. All descriptive statistics are given as mean
± standard deviation (sd).
Results
Table 1 describes the skaters’ demographic characteris-
tics, mean energy, vitamin D, and calcium intakes. Of
the 36 skaters, 10 were single, 8 were pair, and 18 were
dancers. Their mean BMI mean was 19.8 ± 2.1, ranging
from 15.1-23.3. Only 1 skater had a BMI that was classi-
fied as “underweight” using the CDC growth charts
Table 1 Means for demographic characteristics, dietary
intake, and body composition of 36 elite skaters
Characteristics Mean (sd) Range
Age (years) 16 ± 2.5 13-22










31.8 ± 13.2 (71) 10.6-68.9
Vitamin D (mcg) 3.1 ± 2.6 (5) 0.2-10.8
Daily
(recommended intake) 8





BMI 19.8 ± 2.1 15.1-23.3
Total BMD z score 0.65 ± 0.89 -1.56 - 2.6
Pelvic BMD z score 2.02 ± 1.0 -0.25 - 3.68
Spine BMD z score 0.12 ± 0.82 -1.38 - 2.07
Leg BMD z score 1.25 ± 1.03 -1.22 - 3.84
%Total Body Fat 19.2 ± 5.8 7.3-31.2
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skaters was 19.2 ± 5.8 but had a wide range of 7.3-31.2.
Mean weekly training time was 18.25 ± 4.1 hours skating
per week, with an additional 5.9 hours per week dedi-
cated to other non-skating physical training activities.
There were no significant differences in intakes of en-
ergy, vitamin D, calcium or training time among the
skater types, however on average they were below
recommended dietary intakes for their reference popula-
tion [7]. Of the 36 skaters, only 5 skaters demonstrated
intakes consistent with the reference norms; the
remaining averaged 500 kcals below standard intakes.
All skaters were below their estimated DRI for women
with high physical activity levels. Similarly, only 1 skater
met the DRI for vitamin D, all were below recom-
mended intake, with an average deficit of 2.2 ± 2.6 mcg.
Twelve of the 36 skaters had calcium intakes below their
recommended intakes [8]. There were no significant dif-
ferences in BMI or body fat % between the different
skater disciplines.
Average BMD z-scores were above mean reference
norms for total body and all regions measured (Figure 1).
There was a wide range BMD scores within each discip-
line for both total and regional measures as indicated by
their standard deviations. Negative z-scores however
were only seen for spine BMD, and no skater in any dis-
cipline had a z-score outside of 2 standard deviations of
the mean.Predictors of bone mineral density
When controlling for all other variables, skater discip-
line (single, pair, or dancer) and BMI were the only
significant predictors of total and all site-specific
BMD regions measured in our model. Skaters with
the lowest BMI had the lower BMD scores across all
BMD regions measured except the pelvis. While there
was no significant difference in BMI among the 3
skater disciplines, regression analysis showed that
total BMD increased with increasing BMI in the total
group of skaters (R = 0.60; p < 0.001). The effect of
skater discipline on BMD variables is shown in
Figure 1. Single and pair skaters each had higher z
scores for total body BMD than did dancers. This
was significant for single vs dancer skaters. Both sin-
gle and pair skaters had significantly higher pelvic z
scores than dancer skaters. Single skaters also had
significantly higher leg z scores than dancer skaters.
There was no significant difference in spine z-scores
among the three groups.
Discussion
The female athlete triad refers to the interrelation-
ships among energy availability, menstrual function,
and bone mineralization. If energy deficits are ex-
treme, and body weight and fat mass are very low,
estrogen levels fall, with delayed menarche in younger
girls and menstrual irregularities. [9] Bone demine-
ralization may ensue, particularly when intakes of
vitamin D and calcium are insufficient, ultimately in-
creasing stress fracture risk. Low energy intakes and
suboptimal amounts of bone building nutrients have
been reported in figure skaters [10-12]. The degree in
which bone loading and physical training counterba-
lances the detrimental effects of poor nutrition on
bone density in this unique group of athletes has not
been studied. Furthermore, stratifying by skater dis-
cipline, as a proxy for the extent of mechanical load-
ing experienced, has never been attempted, and is the
greatest contribution of this study.
The Academy of Sports Medicine recommends that
the WHO criteria (z-score of −2.0) be used for identi-
fying risk of osteoporosis in adult female athletes
[13]. Defining BMD z-scores cut-offs for predicting
fracture risk in adolescents is more difficult, as there
is insufficient data on how to adjust BMD for bone
size, pre-pubertal age, and skeletal maturity in grow-
ing children. The International Society for Clinical
Densitometry states that children with a total body
BMD z-score of −2.0 (using a pediatric database ma-
tched for age and gender) are considered to have
“low bone mineral density for chronological age”. [14]
None of our skaters had z-scores less than (−)2.0,



























Figure 1 Comparison of site specific bone mineral density z scores among skater type. Significant differences by ANOVA: *p = 0.003 for
Single and Pairs vs Dancer; **p < 0.001 Single vs Dancer; †p = 0.001 Single vs Dancer.
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lescent female athletes. Because BMD in female athletes
in general is higher than sedentary controls, a more
stringent cut-off is recommended by the American
College of Sports Medicine [15]. Female athletes who
have a history of nutritional deficiencies, stress frac-
tures, or other clinical risk factors together with a “low”
BMD z-scores (between −1.0 and −2.0 or greater) are
considered to be at osteopenic risk. Suboptimal
reported intakes of energy, vitamin D and calcium in
our study are somewhat suggestive of a possible clinical
deficiency. Even with this possibility, only two of the
skaters qualify as at risk. No skater had a history of
stress fractures.
Energy intakes for the skaters in this study were
similar to those reported in other studies of figure
skaters and lower than the 45 kcal/kg suggested for
athletes who train for more than 90 minutes per day.
[16] Some of this may be explained by underreport-
ing. Intakes reported here were cross sectional in
nature and only during training, when the skaters
may have been monitoring their intakes carefully.
They do not represent long term and usual intakes.
In conjunction with this, mean BMI and percent body
fat were relatively unremarkable for this group of
skaters, and comparable to that reported in other
groups of female athletes participating in weight bear-
ing sports-although both variables ranged markedly
among athletes. BMI in our group of skaters averaged
19.1 ± 2.1 compared to female athletes participating in
basketball, volleyball, track, softball, soccer, and tennis
which averages ranged between 21.6 ± 2.5 and 23.0 ±
2.4. Percent body fat in gymnasts and speed skaterswas 13.1 ± 4.8 and 23.7 ± 7.3 compared to our skaters
which averaged 20.2 ± 6.0 [17-21].
It is not surprising that we found a relationship
between BMI and BMD z-score in our population.
Increases in BMD typically correspond to increases in
body size as indicated by weight, height or BMI, a
phenomenon that is well recognized [22-24]. However,
many athletes of low weight status, who participate in
intense physical activity, can compensate for this effect.
This may explain why some of our skaters with BMI’s
below the norm for age as plotted on the CDC (2000)
growth charts still demonstrated BMD scores > 100%
above their age and weight matched norms. Therefore,
even though our skaters showed a positive relationship
between BMI and BMD, meaning those with the greatest
BMI had a greater BMD, the BMD z scores of our ska-
ters when compared to reference norms were still
greater despite a lower BMI.
As might be predicted from what is known about
the beneficial effects of jumping and other stressors
on bone BMD, single and pair skaters did seem to be
better protected from low total body BMD than dan-
cer skaters, even after controlling for dietary intake
variables, BMI, and % body fat. In the pelvic and leg
regions, which receive the greatest impact of force
(the pelvic and leg region), single skaters had signifi-
cantly higher z-scores than dancer skaters. Pair ska-
ters also had significantly greater pelvic z scores than
their dancer counterparts. Since other factors were
controlled for in this study, this finding is likely to
relate to a training effect. This is also supported by
the fact that there was no difference in spine bone
density among the groups, which does not receive as
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skater disciplines.
Disagreement among measures of BMD taken by
different DXA models, makes additional comparisons
of our data to other reference norms difficult [23,25].
However, values for total BMD in our skaters were
similar to that found in a group of intercollegiate
female athletes participating in weight-bearing sports
such as gymnastics, soccer, volleyball and track, who
were measured on the same DXA unit and software
package [22]. These healthy 20 female athletes had a
similar BMI (average of 19.1 kg/m2), to our popula-
tion. Their absolute BMD was 1.2 gm/cm2 compared
to our group mean absolute BMD of 1.1 (range: 0.9-
1.3) gm/cm2. Field hockey players were also studied
using this system. Their absolute BMD was higher
than our skaters, (1.3 ± 0.05), but they were older
(mean age: 27 ± 3 and had a higher BMI of 22 ± 1.3),
which may explain increased BMD over our smaller,
younger study population. Absolute BMD measures in
sedentary controls used for comparison in their study
(but with a greater weight) were equivalent to our
BMD, supporting again that physical activity in our
skaters compensated for smaller body size [22,23].
In conclusion, our study shows that bone mineral
density varies across skater discipline, with single skaters
receiving the largest benefit from training effect in bone
loading regions. Skater dancers may be at higher risk
since their training does not compensate for the poten-
tial of low energy and bone building micronutrient avail-
ability as well as do the more intense exercise of the
singles and pair dancers.
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